Leptophobic Z ′ gauge boson appears naturally in many grand unified theories, such as flipped SU (5) or string-inspired E 6 models. This elusive particle easily escapes the direct/indirect detections because it does not couple to charged leptons. However, it can generate flavor changing neutral current at tree level. In this letter, we show that the recently measured mass difference, ∆m s , in the B 0 s − B
I. INTRODUCTION
In the standard model (SM), the flavor changing neutral current (FCNC) processes first occur at one-loop diagrams. Its rate is suppressed by small electroweak gauge coupling, CKM matrix elements and loop factors. Therefore, these rare processes are very sensitive probe of new physics (NP) beyond the SM because some of these suppression factors can be lifted in general NP models.
Asymmetric B-factories and Tevatron have produced lots of B-mesons and some rare Bdecays induced by FCNC have been measured with enough precision to probe NP models.
Among them, the processes with b → s transition at quark level, such as B → πK [1] , B → ρ(φ)K * [2] , B → φK S [3] , B s → µ + µ − [4] , have attracted much interest because they still allow much room for large NP contributions and some of them show possible deviations from the SM predictions.
Recently DØ [5] and CDF [6] collaborations at Fermilab Tevatron reported the first observation of another b → s FCNC process, i.e, the mass difference ∆m s in the B 
Although these measurements are a little bit smaller than the SM expectations, considering large hadronic uncertainties we cannot strongly argue that it is a NP signal at the moment.
They, however, may give strong constraints on the NP models, which predict b → s FCNC transitions. After the release of these new experimental results, their implications have been considered in many papers both in model independent approach [7] and in specific NP models including Z ′ -model [8] , minimal supersymmetric standard model (MSSM) [9] and warped extra dimension model [10] .
In this letter, we consider the implications of ∆m s measurements on leptophobic Z ′ -model. Leptophobic Z ′ gauge bosons appear naturally in many grand unified theories (GUTs), e.g. flipped SU(5) or string-inspired E 6 GUT models. In some scenarios FCNC occurs at tree-level Z and/or Z ′ couplings. [11] . In this model the spinor (16) representation of SO (10) is decomposed under SU (5)×U (1) as
The SM particles are contained in
The Z ′ becomes leptophobic if5 and 1 are uncharged under the new U(1) ′ . It is noted that the U(1) ′ charges of representation 10 can be generation-dependent in string models. This induces Z ′ -mediated FCNCs at tree level in the down-type quark sector and/or left-handed up-type quark sector.
Another scenario for leptophobia is E 6 model with kinetic mixing. In GUT or stringinspired point of view, the E 6 model is a very plausible extension of the SM [12] . It is natural that a U(1) ′ gauge group remains as a low energy effective theory after the symmetry breaking of the E 6 group. We assume that the E 6 group is broken through the following breaking chain
where U(1) ′ is a linear combination of two additional U(1) gauge groups with
where θ is the familiar E 6 mixing angle.
The most general Lagrangian, which is invariant under the SM gauge group with an extra U(1) ′ , allows the kinetic mixing term L mixing = − sin χ 2B µνZ ′ µν between the U (1) and U(1) ′ gauge boson fields. This off-diagonal term can be removed by the non-unitarity
which leads to the possibility of leptophobia of the physical Z ′ gauge boson with the E 6 mixing. Once all the couplings are GUT normalized, the interaction Lagrangian of fermion fields and Z ′ gauge boson can be written as
where the ratio of gauge couplings λ = g Q ′ /g Y , and δ = − tan χ/λ [12] . The general fermion-Z ′ couplings depend on two free parameters, tan θ and δ, effectively [13] . The Z ′ boson can be leptophobic when (Q ′ + 3 5 δY SM ) = 0 for L and e c simultaneously. There are several ways to embed the SM particles and exotic fermions to the fundamental 27 representation of E 6 [12, 14] while keeping the Z ′ leptophobic.
As mentioned above, the Z(Z ′ ) couplings to quarks can generate tree-level FCNCs. In 
where all the theoretical uncertainties including the mixing parameters are absorbed into
The constraints on the U Z ′ qb were previously considered in [14] and [15] . In [15] it was demonstrated that the exclusive semi-leptonic B → Mν RνR decays give similar but stronger bounds than those obtained in [14] . It should be noted that the leptophobic Z ′ scenario is not constrained at all by (semi-)leptonic decays,
constrains typical NP models such as MSSM. It is simply because leptophobic Z ′ does not couple to ordinary leptons. This feature also distinguishes leptophobic Z ′ models from other Z ′ models [8] .
Within the SM, the mass difference between the mass eigenstates in the
where G F is the Fermi constant, η B is a short-distance QCD correction, f Bs is the decay constant for B s system, andB B S is the bag parameter defined aŝ
Main theoretical uncertainties arise from the hadronic parameter f BsB
1/2
Bs . Using the CKMfitter results presented at FPCP06 [16] , |V tb | ≃ 1, |V ts | = 0.04113 
respectively. 
We will perform the numerical analysis using combined lattice calculations, (HP + JL)QCD, for CDF experimental result shown in (1) 
In Figs. 1 , we show the allowed region in (M Z ′ ,|U Z ′ sb |) plane for vanishing (a) and maximal (b) phase. We obtain
for φ
This bound is about two orders of magnitude stronger than the one previously obtained from exclusive semileptonic B → Mνν decays, |U Z ′ sb | ≤ 0.29 [15] . This demonstrates the importance of the measurement of B sb | is allowed, as can be seen from Fig. 1(b) ,
irrespective of its phase φ Z ′ sb value. The blank region between the two allowed regions is excluded by the lower value of ∆m exp s . This non-vanishing phase can also contribute to other CP violating processes such as CP-asymmetries in non-leptonic B-meson decays with b → s transition such as B → πK or B → φK S decays [19, 20] .
In Figs. 2, we present our predictions for the allowed φ the Z ′ mass is larger than 1 TeV for which it would be difficult to produce it even at LHC.
We also note that for such a large coupling |U Z ′ sb | = 0.05 only very limited parameter space is allowed, such as 
We note that although the final states are not CP-eigenstates, the time-dependent analysis of the B 0 s → J/ψ φ angular distribution allows a clean extraction of S ψφ [21] . In the SM, S ψφ is predicted to be very small, S
If NP has an additional CP violating phase φ Z ′ sb , however, the experimental value of (11)) is lower than the CDF central value, the hole region has been more carved away than in Figs. 3. However, we can see that the overall feature is the same as 
